Objective: Delayed umbilical cord clamping (DCC) (≥ 60 s) is recognized to improve iron status and neurodevelopment compared to early umbilical cord clamping. The aim of this study is to identify current umbilical cord clamping practice and factors determining the timing of clamping in a low-resource setting where prevalence of anemia in infants is high.
Introduction
Iron deficiency is associated with impaired neurodevelopment, which can affect an individual's cognitive, motor, and behavioral abilities [1] [2] [3] . Globally, 43% of the children below the age of 5 are anemic and 1.5% of them are severely anemic; meaning that 273 million children were anemic in the year 2011 [4] . In Nepal, 56% of children under 5 are anemic, while 75% of children between the ages of 6-11 months are anemic [5] . Delayed umbilical cord clamping (DCC), clamping the umbilical cord ≥ 60 s after delivery, has been shown to reduce anemia in infants in this setting [6] , and identified as a highly cost-effective intervention [7, 8] .
Delayed cord clamping has the potential to contribute approximately 75 mg of iron, corresponding to more than an infant's 3-month requirement [13] [14] [15] . Additionally, DCC has been shown to improve fine motor and social skill development at 4 years of age [16] . DCC also seems to be protective against motor disability in very low birth weight male infants, possibly as a result of increased blood, red cell and stem cell volumes [17] .
The 2012 World Health Organization (WHO) guidelines on maternal, newborn, child, and adolescent health recommends a delay in umbilical cord clamping of 1-3 min after delivery [9] . Improving the quality of intrapartum care as well as health worker adherence to DCC protocols will be critical to reduce the burden of childhood anemia and its consequences. This is especially relevant in low-income countries like Nepal where there is an increased trend of institutional delivery; in 2014, 55% of women delivered in a health facility [10] . We therefore conducted this study to assess the health worker adherence to DCC recommendations, and to identify the factors associated with the timing of cord clamping. This study was carried out as a baseline study for further studies comparing early and late cord clamping at the same hospital [6] .
Main text

Methods
This study was conducted at a tertiary, government-run hospital in Kathmandu, Nepal, which is a central referral hospital. In 2011, 23,155 total deliveries occurred at the hospital [11] .
Deliveries occurred in three units, but observations for this study were performed at the two sites where vaginal deliveries occurred-Labor Room (LR) and the Maternal and Newborn Service Center (MNSC).
Ethical approval for this observational study was received from Nepal Health Research Council as a part of a larger study evaluating the impact of a simplified neonatal resuscitation protocol on perinatal outcomes [12] . Written consent was obtained from the hospital administrator and matron, as well as nursing in-charge in each of the delivery wards.
Observations for this cross-sectional study were completed from July 10th to September 28th, 2013 by two observers. Selection of cases for observation occurred as women were admitted to either ward for expectant vaginal delivery. Cases were chosen based on observational shifts, i.e. the presence and ability of an observer to watch each case through delivery of the infant. Observations began during the first or second stage of labor and continued until at least 1 h after delivery or until the mother was transferred from the delivery ward, whichever occurred first. To complete observations, the researchers used printed checklists to record data and a mobile phone stopwatch. The observer was present in the background and did not interfere with healthcare delivery.
A structured checklist was developed using the International Federation of Gynecology and Obstetrics (FIGO) guidelines for active management of third stage of labor (AMTSL) [13] , the WHO guidelines on neonatal resuscitation [14] , and other related literature [15] [16] [17] to capture the variables of interest. The checklist included 18 items relevant to the current study; see Additional file 1: Annex S1 for a list of variables and data collection methods.
No sample size calculations were completed, although the aim was to observe at least fifty cases in both wards, with the goal that after these observations, routine practices could be determined. At least 12 deliveries during each of the hospital duty shifts were observed to ensure that potential changes in staffing routines throughout the day were captured.
Data are shown as mean ± standard deviation (SD) or as median and interquartile range (IQR). Statistical analysis was done using R Commander, part of the R statistical package (Version 3.0.3/3.1.1, R Foundation for Statistical Computing, Vienna, Austria). For analysis purposes, categorical variables were created from raw or continuous variables. Variables categorized whether early cord clamping (ECC) or DCC was used (DCC was defined as ≥ 60 s); AMTSL was done or not done; the hospital shift at the time of delivery was morning (07:00-13:00), evening (13:00-19:00), or night (19:00-07:00); third stage of labor was longer than 7 min or less; maternal blood loss was more than 100 mL or not; the infant was born preterm (< 37 weeks) or not; and whether the Apgar score at 1 min was less than 7 or more. AMTSL was considered complete if an uterotonic drug was given after the infant's delivery, controlled cord traction was completed, and uterine massage was done at least once after placental delivery. Seven minutes was chosen as a cutoff for a "longer" third stage of labor as this was the third quartile for length; likewise, 100 mL was chosen as the cutoff for "greater" maternal blood loss as this was the third quartile amount.
Subgroups were compared using independent samples t-tests or one-way analysis of variance (ANOVA) for continuous variables; normal distribution was assumed. However, a test for normal distribution was also done and a comparison of the medians using a Kruskal-Wallis test was also completed for any variable not normally distributed. Chi Square analysis was used to compare categorical data between ECC and DCC groups and/or MNSC and LR groups. Finally, univariate logistic regression was used to determine the association for receiving DCC. Differences are considered significant when p < 0.05.
Results
Of the 151 eligible cases, only 138 included observations of the third stage of labor, either because caesarean section was ordered or the delivery occurred after the observational shift ended. Of these 138 cases, only 128 included a measurement of timing of umbilical cord clamping, as 10 infants had tight nuchal cords (i.e. wrapped tightly around their necks), and in these cases clamping and cutting was done before the entire infant's body was delivered (Fig. 1) . Therefore, these cases were excluded from analysis. Sixty-nine cases were observed in the MNSC and 59 in the LR. All of the 128 singleton vaginal deliveries were spontaneous, with episiotomy or without. The mean gestational age at birth was 39.5 ± 1.9 weeks and twelve infants were preterm. The mean birth weight of the sample population was 2967 ± 463 grams. There were a greater number of female (77) than male (51) infants delivered (p = 0.02).
Overall, 48% of infants received DCC (≥ 60 s), 40% had cord clamping between 30-59 s, and 12% prior to 30 s. In the MNSC, the low-risk ward, 52% of infants had DCC, 41% had their cords clamped between 30-59 s, and 7% before 30 s. In the LR, the higher-risk ward, DCC was completed in 42% of cases, cord clamping occurred between 30-59 s in 39% of infants, and prior to 30 s in 19% of infants. Cord clamping was completed at 3 min or after in two cases. All infants were placed directly on the mother's abdomen after delivery, and were therefore positioned above the perineum when clamping occurred. Cord milking was never used.
Mean and median cord clamping times among population subgroups are presented in Table 1 . There was no difference in the mean cord clamping times among any of the subgroups. Timing of cord clamping was not normally distributed, so the medians of each subgroup were also compared. The median cord clamping time was significantly higher in cases where no interventions were given to the infant after delivery, as compared to those cases where infants received any intervention. In all other subgroups, median cord clamping times were similar.
Subgroup analyses comparing the use of DCC and ECC are presented in Table 2 . The use of DCC was comparable in most population subgroups. However, there were more deliveries on the night shift in the DCC group as compared to the ECC group, and infants born during the night shift were 5.6 times more likely to receive DCC than ECC (OR 5.62, 95% CI 1.38-37.96). Women with any obstetric complication during delivery had 2.5 times more likelihood of receiving DCC (> 60 s) than those who did not have any complication (OR 2.50, CI 95% 1.19-5.34). Babies requiring ventilation had a 65% lower chance of receiving DCC (OR 0.35, 95% CI 0.13-0.88) than did babies in whom ventilation was not required.
Discussion
We found that the median time for cord clamping was 1 min and the timing of cord clamping was not associated with place of delivery, use of AMTSL, increased length of third stage of labor, increased maternal blood loss, preterm birth, or Apgar score < 7 at 1 min. DCC was more likely in cases where there was any obstetric complication and DCC was less likely in cases where the infant was given any intervention post-delivery as compared to those cases where the infants were given none. Timing of umbilical cord clamping was not associated with the use of AMTSL thus demonstrating that DCC is not invited or enhanced by the use of AMTSL in this setting. DCC was less likely in cases where the infant received any intervention, possibly because in most cases where the infant is perceived to require assistance for stabilization the cord is clamped quickly to facilitate providing care to the infant [18] . It is interesting to emphasize that DCC was less likely in infants who received any interventions since in past randomized controlled trials examining DCC versus ECC, those infants who were asphyxiated or in need of immediate resuscitation measures were excluded due to concern for their clinical condition and health outcomes. However, the umbilical cord is not only a conduit for the transfer of blood, but also for the delivery of oxygen to the foetus/infant through the gas exchange function of the placenta. Delayed cord clamping was used in about half of the cases at this hospital, although the wide variation in cord clamping times reveals the need for defined clinical guidelines to direct practice in this setting. Additionally, it is important to recognize potential barriers to the use of DCC and to identify factors that would help facilitate a change in clinical practice, as this is currently an evidencebased recommendation. The future studies planned at this hospital will aim to address some of the research gaps, including the use of DCC in asphyxiated infants.
Limitations
This study was conducted at a large delivery hospital in Kathmandu in Nepal. Thus, the practices used here may differ compared to other health centers across Nepal. Due to its observational nature, there are some potential biases in this study, including intra-/inter-observer variation, as well as bias due to overt observation. This study was part of a larger one examining the implementation of the Helping Babies Breathe (HBB) protocol [19] , and the observers were also involved in the HBB protocol training of some of the staff working in the delivery wards during the observational period, thus elevating the potential for desirability bias among health staff. Finally, the primary aim of this study was to describe practices, although we used logistic regression to compare groups, and our small sample size limits the statistical power of these analyses. 
